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The Double Cross Po la r i za t i on  13C-MAS/NMR experiment has been used t o  der ive  
a new operat ional  c l a s s i f i c a t i o n  o f  s o l i d  f o s s i l  f ue l s  based on chemical reac- 
t i v i t y ” * .  The method requ i res  l a b e l i n g  reac t i ve  s i t e s  i n  the organic ma t r i x  
w i t h  a magnet ica l l y  a c t i v e  isotope not present i n  the  precursor mater ia l ,  and 
using the  l o c a l ,  i s o l a t e d  d ipo le -d ipo le  i n t e r a c t i o n  between t h i s  nucleus and 
nearby 1 3 C  nuc le i  t o  de tec t  v i a  cross po la r i za t i on  the  carbon centers i n  the  
v i c i n i t y  o f  the  labe l .  The technique i s  a marriage o f  chemistry and spec- 
troscopy and the in fo rmat ion  content o f  the  DCP spectra i s  def ined by both 
partners. 

1H-13C-31P DCP/MAS 13C-NMR spectroscopy has been used t o  s t a t i s t i c a l l y  describe 
phenolic o r tho -subs t i t u t i on  patterns o f  coals v i a  t h e i r  a r y l  phosphinate o r  
p h o s p h a t e m v a t i v e s ,  as per model 1. 
t i ona l  group types as the a c t i v a t i o n  source f o r  a c i d i c  C-H bonds i n  these 
mater ia ls  has a lso  been e f fec ted  v i a  the  t e r t i a r y  phosphine oxide der iva t ives  
generated from coal  carbonions as i n  model 2 .  The bo ld  l i n e  i n  these 
structures ind ica tes  the  carhon bonding network tha t  i s  detected by t h i s  
technique, w i t h  s igna l  i n t e n s i t i e s  nominal ly p ropor t iona l  t o  the  inverse s i x t h  
power o f  the  31P-13C in te rnuc lear  distance. 
centered on 31P i n  which DCP s ignals are observed i s  determined by the  r a t e  a t  
which the  31P-13C cross po la r i za t i on  s igna l  accrues, p r i m a r i l y  determined by 
the depolar i n t e r a c t i o n  strength.  and the r a t e  a t  which t h i s  s iona l  decays, 
the  1% r o t a t i n g  frame T,. For the  31P-13C pa i r ,  DCP s igna ls  a re  confined t o  
a spherical volume element w i t h  a ca. 4 A radius. 
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The i d e n t i f i c a t i o n  o f  spec i f i c  func- 

The sens i t i ve  volume element 
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I n  these app l i ca t i ons  o f  DCP NMR the  new, d e t a i l e d  s t ruc tu re  and/or r e a c t i v i t y  
informat ion i s  rea l i zed  by de tec t ion  o f  carbon resonances one o r  more bonds 
removed from the  reac t i on  center, but i n  a volume element o f  intramolecular 
dimensions. 
are detected, and not recognized as such, the s t r u c t u r e / r e a c t i v i t y  co r re la t i on  
i s  weakened. 

To t h e  ex ten t  t h a t  in te rmolecu la r  con t r i bu t i ons  t o  the spectrum 
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Di rec t  subs t i t u t i on  o f  phosphorus on the aromatic r i ngs  i n  the organic ma t r i x  
o f  the coal i s  not r e a d i l y  accomplished. This environment p o t e n t i a l l y  can be 
labeled w i t h  f l u o r i n e  i n  a se lec t i ve  fashion using newly developed reagents3. 
The p o s s i b i l i t y  o f  determining t h e  changes i n  average r i n g  s u b s t i t u t i o n  pa t -  
te rns  as a func t ion  o f  chemical treatment o r  coal  d iagen is is  emerges. Recent 
developments i n  the  f i e l d  o f  DCP 1 3 C  NMR w i l l  be presented. 
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